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AB STRACT 
This report describes the work completed and in 
progress at EOS during the first quarter of the 
Planetary Solar Array Development Study Program, 
JPE Contract 952035. 
The report finalizes the requirements of Task I, 
the environmental definitions of the Martian 
surface, and gives a preliminary review of the 
possible concepts as defined in Task I1 of the 
program outline. 
7254-4-1 ii 
CONTENTS 
1. INTRODUCTION 1 
2. TASK I SUMMARY 
2.1 Martian Environmental Model 
2.1.1 Mars Atmosphere 
2.1.2 Thermal Environment 
2.1.3 Clouds and Dust 
2.1.4 Solar Intensity 
5 
a 
2.1.5 Radiation Environment 10 
2.1.6 Summary of Mars Probable Environmental Model 10 
2.2 Mission Restraints 
2.2.1 Sterilization Requirements 
2.2.2 Packaging Restraints 
13 
13 
16 
2.2.3 Deployment and Orientation Considerations 18 
2.3 Structural Design Considerations 23 
2.3.1 General Requirements and Assumptions 
2.3.2 Applicable Environments 
23 
24 
2.3.3 Design Loads for Preliminary Structural Analysis 30 
3. TASK I1 CONSIDERATIONS 36 
3.1 Preliminary Thermal Analysis 
3.1.1 Solar Array Thermal Environment 
3.1.2 Solar Panel Temperature 
3.2 Preliminary Power Analysis 
3.2.1 Radiation Environment and Effects 
3.2.2 Preliminary 
Discussion of Possible Array Concepts 
Material Selection 
3.4.1 Effect of CO Atmosphere 
3.4.2 Effect of Dust Particles on Electrical 
3.3 
3.4 Aspects of Martian Environmental Effects on 
2 
Performance of Array 
3.4.3 Effect of Dust Storm on Surface 
4. CONCLUSIONS 
36 
36 
38 
42 
42 
44 
48 
51 
51 
53 
55 
59 
7254-Q- 1 iii 
ILLUSTRATIONS 
' 4  
5 
6 
7 
8 
9 
1 0  
11 
12 
13  
14 
1 5  
Mars Thermal Environment 
Mars So la r  I n t e n s i t y  
S p e c t r a l  D i s t r i b u t i o n  Curves Related t o  t he  Sun a t  Earth.  
Shaded Areas I n d i c a t e  Absorption, a t  Sea Level, Due t o  
t h e  Atmospheric Cons t i t uen t s  Shown 
So la r  Panel Clearance Layout 
Rota t ion  Axis of Mars wi th  Respect t o  E c l i p t i c  Plane 
Rela t ionship  of Local Normal Vector a t  -2OO La t i tude  wi th  
Respect t o  the  Sun Vector 
Solar  Array Or i en ta t ion  Requirements f o r  Locat ion a t  -20° 
L a t i t u d e  of Mars 
Random Vib ra t ion  Tes t  Spectrum, JPL Contract  952035 
Parachute Opening Shock, JPL Contract  952035 
Landing Shock 
Design Loads f o r  Launch Configurat ion 
Mart ian Atmosphere Absorption of I n f r a r e d  Radia t ion  
Diurnal  Temperature Var i a t ion ,  Equator a t  Pe r ihe l ion  
Array Concepts (stowed p o s i t i o n )  
Threshold V e l o c i t i e s :  
f o r  a Range of Equivalent Surface Pressures  f o r  S i l i c a  
F lour ;  b )  Threshold Veloc i ty  f o r  Various Sized P a r t i c l e s  
i n  Simulated Mart ian Environment 
a )  Var i a t ion  of Threshold Veloc i ty  
6 
99 
11 
17 
20 
21 
22 
25 
28 
29 
32 
39 
40 
5 0  
56 
7254-4-1 
SECTION 1 
INTRODUCTION 
This r e p o r t  i s  the f i r s t  q u a r t e r l y  r e p o r t  of t h e  P lane tary  Photovol ta ic  
Solar  Array,  and is  i n  response t o  t h e  requirements  of JPL Contract  
952035 , Paragraph 5 ( i v )  . 
This c o n t r a c t  covers  t h e  s tudy of t h e  f e a s i b i l i t y  of design f o r  t h e  
development and f a b r i c a t i o n  of a photovol ta ic  s o l a r  a r r ay  capable  of 
ope ra t ing  on t h e  Martian su r f ace .  
The t o t a l  o v e r a l l  program i s  sepa ra t ed  i n t o  t h r e e  phases as follows: 
Phase I - F e a s i b i l i t y  Study 
Phase I1 - Design and Development 
Phase I11 - Fabr i ca t ion  
This s tudy c o n t r a c t  covers  Phase I, and i s  t h e  s tudy and a n a l y s i s  t o  
provide a conceptual  des ign  of a photovol ta ic  s o l a r  a r r ay  capable  of 
producing 200 watts  of r a w  e l e c t r i c a l  power on t h e  Martian s u r f a c e  a t  
s o l a r  noon. 
An a n a l y s i s  of t h e  program o rgan iza t ion ,  r e s p o n s i b i l i t i e s ,  mi les tones ,  
and t a s k  breakdowns w a s  given t o  JPL i n  t h e  EOS i n i t i a l  r e p o r t  da ted  
14 August 1967. 
This r e p o r t  f i n a l i z e s  t h e  requirements of Task I, t h e  environmental 
d e f i n i t i o n s  of t h e  Martian s u r f a c e ,  and i n  a d d i t i o n  gives a prel iminary 
review of t h e  p o s s i b l e  concepts as def ined  i n  Task I1 of the program 
out  l i n e .  
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SECTION 2 
TASK I SUMMARY 
2.1 MARTIAN ENVIRONMENTAL MODEL 
A weal th  of information on Mars environments has  been generated and 
compiled by JPL. This  information,  which i s  q u i t e  general  i n  n a t u r e ,  
was given t o  EOS i n  t h e  performance of t h i s  c o n t r a c t .  The Martian 
environmental model t o  be presented i n  t h e  fo l lowing  subsec t iohs  i s  t h e  
j o i n t  JPL-EOS i n t e r p r e t a t i o n  of t h e  genera l  information a v a i l a b l e .  
Wherever p o s s i b l e ,  our r a t i o n a l e  f o r  s e l e c t i n g  a given va lue  o r  parameter 
from a wide range of d a t a  w i l l  b e  given,  t oge the r  wi th  t h e  app ropr i a t e  
supplemental r e f e rences .  
2 .1 .1  MARS ATMOSPHERE 
Ten models of Martian atmosphere, as shown i n  Table I, have been con- 
s ide red  as p l a u s i b l e  i n  covering a wide range of experimental d a t a .  
Our s e l e c t i o n  of t h e  VM-2 model as t h e  most probable case w a s  based 
pr imar i ly  on later  works on spec t roscopic  and o c c u l t a t i o n  experiments 
which ind ica t ed  t h e  atmosphere t o  c o n s i s t  of v i r t u a l l y  a l l  carbon d ioxide  
wi th  t h e  s u r f a c e  p re s su re  of 8 mb.* 
The parameters of t h e  Martian atmosphere which are p e r t i n e n t  t o  t h e  
s o l a r  a r r a y  study are  summarized i n  Table 11. The most probable model 
corresponds t o  t h e  VM-2 model and themaximum-and minimum-value models 
correspond t o  t he  VM-8 and VM-5 models r e spec t ive ly .  Note t h a t  the  
t e r m  maximum o r  minimum i s  based on t h e  wind load  e f f e c t  which is  
approximately p ropor t iona l  t o  t h e  product of dens i ty  and (ve loc i ty )  
f o r  t h e  low Mach number regime. 
2 
*"High-Dispersion Spectroscopic Observations of Mars. I. The GO2 
Content and Surface Pressure,"by Hyron Spinrad e t  a l .  The Astrophysical  
Jou rna l ,  Vol. 146, No. 2 ,  Nov 1966 
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TABLE I1 
MARS ATMOSPHERIC CONSIDERATIONS 
Property 
Surface p re s su re  
Surf ace d e n s i t y  
Surface  temperature 
S t r a t o s p h e r i c  temperature 
C02 (by mass) 
N2 (by mass) 
A (by mass) 
Molecular weight 
Spec i f i c  h e a t  r a t i o  
S p e c i f i c  h t  r a t i o  
Adiaba t ic  l apse  ra te  
Tropopause a l t i t u d e  
F ree  stream cont .  
Maximum s u r f a c e  wind speed 
Desim nus t  m e e d  
s u r f a c e  wind speed 
D imens i o n  
% 
% 
% 
MOL-' 
c a I/ gm0c 
- 
K/ km 0 
km 
f t / s e c  
f t / s e c  
f t l s e c  v u  
Probab 1 e 
Model 
7 .O 
1.85 
200 
100 
100 
0 .0  
0 .0  
44 .O 
0.166 
1.37 
- 5 .39 
1 8 . 6  
186 
380 
200 
Maximum-Value Minimum-Value 
Model Model 
5 .O 
1 . 3 2  
200 
100 
100 
0 .o 
0 .0  
44 .O 
0.166 
1 .37  
-5.39 
1 8 . 6  
14.0 
1.91 
275 
200 
28 .2  
7 1 . 8  
0.0 
3 1 . 2  
0 .23  
1 . 3 8  
- 3 .88  
19.3  
220 13 2 
45 0 270 
2 00 150 
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2.1.2 THERML ENVIRONMENT 
Since t h e  Martian atmosphere w a s  assumed t o  be  100 percent  CO 
p r e s s u r e  of 7 mb, t h e  mode of hea t  t r a n s f e r  from t h e  spacec ra f t  t o  
environment w i l l  b e  both  r a d i a t i o n  and convect ion.  The hea t  t r a n s f e r  
parameters  of i n t e r e s t  are t h e  s o i l  s u r f a c e  e m i s s i v i t y ,  t h e  atmospheric 
albedo,  and t h e  d a i l y  s u r f a c e  temperature v a r i a t i o n .  
a t  a 2 
These parameters were summarized i n  F ig .  1. 
emis s iv i ty  and albedo are 0.85 and 0.15 r e s p e c t i v e l y .  
v a r i a t i o n s  are shown t o  be a func t ion  of l a t i t u d e  and they correspond 
t o  t h e  Martian win te r  condi t ion .  The s u r f a c e  temperature i n  t h e  summer 
i s  expected t o  be 12 K higher  t han  t h e  win te r  cond i t i on .  
t u r e  f l u c t u a t i o n  i s  approximately 100 C.  
The probable va lues  of 
The temperature 
0 Daily tempera- 
0 
2.1.3 CLOUDS AND DUST 
The information on cloud and dus t  condi t ions  on Mars i s  sketchy and 
specu la t ive  i n  na tu re .  Such information has been summarized i n  Table 111. 
The concern on t h e  s o l a r  a r r a y  performance as a f f e c t e d  by t h e  Martian 
clouds and d u s t s  f a l l s  i n t o  two areas. The f i r s t  area i s  t h e  real is t ic  
estimate of t h e  s o l a r  i n t e n s i t y  a t  t h e  s u r f a c e  as a r e s u l t  of atmospheric 
a t t e n u a t i o n .  This s u b j e c t  w i l l  be discussed i n  t h e  next  s ec t ion .  The 
second area is  concerned wi th  t h e  e f f e c t  of s e t t l i n g  dus t s  on t h e  
o p t i c a l  p r o p e r t i e s  of t h e  s o l a r  c e l l  cover g l a s s ,  t h e  p o s s i b i l i t y  of 
conductive dus t  p a r t i c l e s  s h o r t i n g  t h e  exposed electr ical  c o n t r a c t s ,  
and f i n a l l y  t h e  e f f e c t  of dus t  s tormson t h e  cover g l a s s  and thermal 
coa t ing  d e t e r i o r a t i o n .  This l a t t e r  area w i l l  b e  covered i n  Subsect ion 3 . 4 .  
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TABLE I11 
MARTIAN CLOUDS AND DUST CONSID~TIONS 
Yellow clouds 
A l t i t u d e  
P a r t  i c  1 e 
0 Blue c louds  
A l t i t u d e  
P a r t i c l e  
Material 
Q White clouds 
A 1  t i t ude 
P a r t i c l e  
Material 
- 3-30 km 
s i z e  - l-lO% 
- Unknown a t  present  
s i z e  - 0 . 1 ~  
- H 0 ice c r y s t a l s  and condensed v i o l e t  material (4550.i) 2 
- 15-25 km 
s i z e  - 1p 
- H 0 o r  CO ice c r y s t a l s  2 2 
0 Entrained dus t  
A l t i t u d e  - Dependent upon wind speeds 
P a r t i c l e  s i z e  - 1-1OOqL 
Material dens i ty  - 2-4 gm/cc 
Airborne th re sho ld  v e l o c i t y  - 200-300 f t / s e c  
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2.1.4 SOLAR INTENS ITY 
The s o l a r  i n t e n s i t y  near  Mars space varies from 50 t o  74 mW/cm2, depend- 
i n g  on t h e  d i s t a n c e  from Mars t o  t h e  sun. 
s u r f a c e ,  a rough engineer ing  estimate w a s  made t o  determine t h e  t r a n s-  
mission f a c t o r ,  which w a s  found t o  be approximately 92 percent .  
For t h e  i n t e n s i t y  a t  t h e  
Attempts t o  perform a more accu ra t e  c a l c u l a t i o n  proved t o  be  u n f r u i t f u l  
as t h e  u n c e r t a i n t i e s  of s e v e r a l  parameters which e n t e r  i n t o  t h e  a t t enua-  
t i o n  process  are l a r g e .  
of unce r t a in ty  of s e v e r a l  c o n t r i b u t i n g  parameters:  
The fo l lowing  d i scuss ion  desc r ibes  t h e  degree 
a.  
b.  
The a t t e n u a t i o n  of t h e  s o l a r  photon by t h e  atmosphere c o n s i s t s  
of two b a s i c  processes ,  i . e .  , s c a t t e r i n g  and absorp t ion .  
Three components which are r e s p o n s i b l e  f o r  s c a t t e r i n g  are C02 
gas molecules,  dus t  p a r t i c l e s ,  and water vapor. O f  t h e  t h r e e  
components, only gas molecule s c a t t e r i n g  can  be computed w i t h  
any accuracy.  
Of the  two components r e spons ib l e  f o r  absorpt ion,  water vapor 
and COIL? only the  l a t t e r ' s  c o n t r i b u t i o n  can be ca l cu la t ed .  
Since C02 absorp t ion  occurs  mostly a t  wavelengths longer t han  
2.5~1,  i t  can be neglected f o r  reason t h a t  t he  i n t e g r a t e d  s o l a r  
energy at  A > 2 . 5 ~  w i l l  c o n t r i b u t e  only approximately 2 percent  
of t h e  t o t a l  energy. 
The approach taken w a s  t o  assume t h a t  t h e  a t t e n u a t i o n  i s  a logar i thmic  
func t ion  of t h e  p re s su re ,  By analogy wi th  Ear th  cond i t i ons ,  w e  ass igned  
a t ransmiss ion  f a c t o r  of 0.7 a t  a p re s su re  of 1000 mb (Ear th  AMI va lue ) .  
The t ransmiss ion  f a c t o r  a t  1 mb w a s  assumed t o  be 1.0. By logar i thmic  
e x t r a p o l a t i o n ,  t h e  t ransmiss ion  f a c t o r  a t  Mars s u r f a c e  (7  mb) w a s  found 
t o  be 0.92. This i s  shown i n  F ig .  2. 
W e  b e l i e v e  t h e  assumption leading  t o  t h e  recommended t ransmiss ion  f a c t o r  
t o  be a conserva t ive  one. This i s  due t o  t h e  f a c t  t h a t  t h e  Martian 
atmospheric conten ts  of 0 03, and water vapor , are s i g n i f i c a n t l y  2'  
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lower than those  on Ear th .  S ince  t h e s e  compoDents are p r i n c i p a l l y  
r e spons ib l e  f o r  abso rp t ion  as i l l u s t r a t e d  i n  Fig.  3 ,  our assumption of 
logar i thmic  abso rp t ion  analogous t o  Earth condi t ions  w i l l  c e r t a i n l y  be  
conserva t ive .  
2.1.5 RADIATION ENVIRONNENT 
Assuming t h a t  no a r t i f i c i a l  r a d i o a c t i v e  source such as an  RTG i s  a t t ached  
t o  t h e  s u r f a c e  l abo ra to ry ,  t h e  r a d i a t i o n  damage t o  t h e  s o l a r  cel ls  w i l l  
be  due only t o  n a t u r a l  sources of g a l a c t i c  and s o l a r  cosmic r a d i a t i o n .  
To quote  from JPL documents, t h e s e  sources  are: 
,/ 
a. Galactic cosmic r a d i a t i o n .  The g a l a c t i c  cosmic r a d i a t i o n  
near  Mars c o n s i s t s  of e s s e n t i a l l y  t h e  pro ton  component and 
i t s  secondary r a d i a t i o n  produced i n  t h e  Martian atmosphere. 
The r a d i a t i o n  dose r a te  a t  the top  of t h e  Martian atmosphere 
ranges between 20 and 45 mr/day. The dose rate a t  t h e  s u r f a c e  
of Mars ranges between 10 and 25 mr/day; th is  range i s  based 
on an  average 10 mb s u r f a c e  atmosphere producing approximately 
30 gm/cm2 of mass a t t e n u a t i o n .  A change i n  t h e  va lue  of t h e  
s u r f a c e  p re s su re  by 5 mb a f f e c t s  t h e  dose ra te  by only about 
10  percent .  The r a d i a t i o n  due t o  n a t u r a l  r a d i o a c t i v i t y  w i l l  
b e  a small f r a c t i o n  of t h a t  due t o  cosmic r a d i a t i o n .  
b. S o l a r  cosmic r a d i a t i o n .  The range of t h e  s u r f a c e  atmospheric 
p re s su re  of Mars corresponds t o  a range of atmospheric mass 
2 per  u n i t  area of 11 t o  44 gm/cm . 
r a d i a t i o n  i s  much more s e n s i t i v e  than  g a l a c t i c  cosmic r a d i a t i o n  
t o  t h i s  range of mass a t t e n u a t i o n  because of t h e  lower energy 
protons i n  t h e  s o l a r  cosmic r a d i a t i o n .  The approximate 
a t t e n u a t i o n s  of t h e  f r e e  space  s p e c t r a ,  y i e l d i n g  s u r f a c e  
t ime- in tegra ted  f l u x e s  of t h e  model s o l a r  f l a r e  event  and t h e  
maximum yea r ly  f l u x  of s o l a r  f l a r e  events  a t  1.5 AU from Sun 
are given i n  Table I V .  
The s o l a r  cosmic pro ton  
2.1.6 SUMMARY OF MARS PROBABLE ENVIRONMENTAL MODEL 
The p e r t i n e n t  parameters of t h e  Martian environment i n  connect ion w i t h  
t h e  s o l a r  a r r a y  s tudy are summarized i n  Table V.  
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TABLE IV 
MAXIMUM TIME-INTI 
Energy (MeV) 
Maximum Time-Integrated Proton 
Flux pe r  F l a r e  
Maximum Time  - I n t e g r a t e d  Proton 
Flux per Year 
Flux (protons / cm2 ) 
Atmospheric 
Mass At tenua t ion  
I 1 
E > 10 
E > 30 
E > 100 
E > 10 
E > 30 
3.2 x 10 7 
2.9 x 1 0  7 
1.2 x 10 
9.8 x 10 
6.7 x 10 2.7 x 10 
1.6 x 10 5.3 x 10 
1.3 x 10 4.9 x 10 
7 
7 
7 
TABLE V 
MARS PROBABLE ENVIRONMENTAL MODEL 
0 Atmosphere 
Pressure  : 7 mb 
Atmos  gas:  - 100% co2 
Wind speed (0.8 7): 
Maximum wind speed: 380 f t / s e c  
150 f t / s e c  (10 M he igh t )  
0 Thermal environments 
Albedo : 0.15 
Emiss iv i ty  : 0.85 
Maximum temperature:  312’K 
Minimum temperature:  150°K 
Daily v a r i a t i o n :  100°K 
0 Dust storms 
Per iod ic  occurrence ,  probably when wind gus t s  exceed 300 f t / s e c  
(b Sola r  i n t e n s i t y  
2 Near Mars space:  50-74 mW/cm 
Transmission f a c t o r  a t  s u r f a c e ,  AMI = 0.92 
Q Radia t ion  
Galactic cosmic r a d i a t i o n :  10-25 mr/day 
Solar  cosmic r a d i a t i o n :  Ref. Table IV 
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2.2 MISSION RESTRAINTS 
2.2.1 STERILIZATION REQUIREMENTS 
JPL has s p e c i f i e d  t h a t  t h e  f e a s i b i l i t y  s tudy of t h e  s o l a r  a r r a y  des ign  
s h a l l  i nc lude  cons ide ra t ion  of a r r a y  s t e r i l i z a t i o n .  
The s o l a r  a r r a y s  des t ined  t o  e n t e r  t he  Martian atmosphere and land on 
t h e  Martian s u r f a c e  s h a l l  be  b i o l o g i c a l l y  sea led  i n  a s t e r i l i z a t i o n  
c a n i s t e r  and remain sea l ed  through t h e  te rmina l  h e a t  s t e r i l i z a t i o n  
cyc le .  Af t e r  s t e r i l i z a t i o n ,  t he  c a n i s t e r  s h a l l  remain b i o l o g i c a l l y  
sea led  u n t i l  i t  is  separa ted  i n  f l i g h t  i n  t he  v i c i n i t y  of Mars. P r io r  
t o  the  t e rmina l  hea t  s t e r i l i z a t i o n  cyc le ,  t h e  equipment w i l l  be  processed 
i n  a manner t o  minimize t h e  b i o l o g i c a l  contaminat ion,  and w i l l  r e ce ive  
a n  e thylene  oxide (ETO) decontamination. 
2.2.1.1 Pa r t  and Material Q u a l i f i c a t i o n  
In  order  t o  promote uniformity of t e s t i n g , t h e  tes t  l e v e l s  given i n  
Tables V I  and V I 1  are recommended f o r  p a r t s  and material q u a l i f i c a t i o n .  
It is no t  a requirement t h a t  a l l  p a r t s  and materials intended t o  be 
used i n  t h e  f l i g h t  capsule  be q u a l i f i e d  t o  t hese  test l e v e l s .  
t h e  a c c e p t a b i l i t y  of t h e  var ious  p a r t s  and materials comprising t h e  
capsule  w i l l  be  based on t h e  r e s u l t s  of subsystem and system type  
approval  t e s t i n g .  
Ult imately,  
2.2.1.2 S t e r i l i z a t i o n  T e s t  Levels 
The t e s t  l e v e l s  app l i cab le  t o  s o l a r  a r r a y  q u a l i f i c a t i o n  and acceptance 
and capsule  te rmina l  s t e r i l i z a t i o n  s h a l l  be as given i n  Tables V I  and 
V I I .  
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Tgmp 
( C) 
P a r t s  and ma te r i a l s  
q u a l i f i c a t i o n *  50 
Subsystem (assembly) t e s t i n g  
FA 40 
TA 50 
*Optional test  
**To be determined l a t e r  
ET0 R e l a t i v e  
Concentrat ion Humidity 
mg/ l i t e r  (a 
600 50 
5 00 40 
600 50 
TABLE V I 1  
HEAT STERILIZATION PARAMETERS 
Exposure 
T i m e  
(hr  /cyc l e )  
** 
* 
P a r t s  and ma te r i a l s  
q u a l i f i c a t i o n *  
Subsystem (assembly) t e s t i n g  
FA 
TA 
T 
No. o f  
Cycles 
* 
** 
** I * ]  
Chamber Expo sur  e 
Time No. of 
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2.2.1,3 Ethylene Oxide (ETO) Decontamination 
Those capsu le  elements undergoin TA, FA, o r  compa t ib i l i t y  t e s t i n g  
s h a l l  b e  subjec ted  t o  ET0 decontamination i n  a n  enclosed test chamber 
capable  of producing a c o n t r o l l e d  environment of t i m e ,  temperature,  
temperature ra te ,  r e l a t i v e  humidity (HH), p r e s su re  decay, and s p e c i f i e d  
ET0 concen t r a t ion  as def ined  f o r  t h e  app ropr i a t e  test i t e m  and environ-  
ment. The ET0 decontaminating agent  s h a l l  con ta in  12 percent  ET0 and 
88 percent  dichloro-defluro-methane (Freon 12  o r  Genetron 12) by weight.  
2.2.1.4 Heat S t e r i l i z a t i o n  Tests 
Those capsule  elements undergoing TA, FA, o r  compa t ib i l i t y  t e s t i n g  
s h a l l  be  subjec ted  t o  hea t  s t e r i l i z a t i o n  t e s t i n g  i n  an enclosed test 
chamber capable  of producing a c o n t r o l l e d  environment of t i m e ,  tempera- 
t u r e ,  and temperature r a t e  as defined f o r  t h e  app ropr i a t e  t e s t  i t e m  and 
environment. The gas used f o r  a l l  hea t  s t e r i l i z a t i o n  test  s h a l l  be 
n i t rogen .  
2.2.1.5 Typ e Approval (TA) Tes t ing  
TA tests are those  tests which demonstrate t he  adequacy of t h e  design 
f o r  i t s  intended usage,  inc luding  performance, margin, and o t h e r  similar 
tests .  The TA tes ts  are formal ,  and al though much development t e s t i n g  
may precede them, they are considered t o  be t h e  a c t u a l  demonstrat ion 
of s a t i s f a c t o r y  des ign .  TA tests  are performed both  on the  capsule  
proof test  model (PTM) and on pro to types  of a l l  subsystems o r  assem- 
b l i e s .  The TA tests  s h a l l  be performed on equipment i n  t he  same con- 
f i g u r a t i o n  as i s  intended f o r  FA tests and any subsequent des ign  change 
o r  FA conf igu ra t ion  change s h a l l ,  i n  gene ra l ,  i n v a l i d a t e  t h e  TA tests. 
Units sub jec t ed  t o  TA tests are au tomat ica l ly  d i s q u a l i f i e d  f o r  f l i g h t .  
The TA tests are not  intended t o  be d e s t r u c t i v e  tes ts ;  t o  succes s fu l ly  
pass  them, equipment s h a l l  func t ion  i n  accord w i t h  i t s  d e t a i l  s p e c i f i c a t i o n .  
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2.2.1.6 F l i g h t  Acceptance (FA) Testing 
FA tests  are those  tes ts  which demonstrate t h a t  t h e  hardware is  ready 
f o r  f l i g h t .  
are not  as ex tens ive .  They inc lude  performance tes ts ,  environmental 
t e s t s ,  margin tests,  and o the r  r e l a t e d  tests. 
a c t i v i t i e s  such as i n s p e c t i o n  and c a l i b r a t i o n s .  The FA tests  are formal 
and, a l though much c a l i b r a t i o n  and r e l a t e d  work i s  done, they are t h e  
tes ts  by which t h e  u n i t  i s  c e r t i f i e d  ready f o r  f l i g h t .  FA tests are 
t o  be conducted on i d e n t i c a l  TA equipment con f igu ra t ions  and subsequent 
rework of t h e  equipment s h a l l ,  i n  gene ra l ,  i n v a l i d a t e  t h e  FA tests. 
L i m i t s  as s h a l l  be placed on t h e  number of t i m e s  any one serial-numbered 
equipment undergoes FA environmental t e s t i n g .  
These tests are complements of t h e  TA tests,  al though they  
The FA tests complement 
2 2.2 PACKAGING RESTRAINTS 
The packaging r e s t r a i n t s  are defined as those  restraints imposed on the 
s o l a r  a r r a y  by t h e  phys ica l  con f igu ra t ion  of v e h i c l e  and s t e r i l i z a t i o n  
c a n i s t e r  whi le  i n  t h e  launch,  t r a n s i t ,  and landing mode. 
This  con f igu ra t ion  i s  depic ted  by JPL drawing 10652002 as furn ished  by 
JPL as a p a r t  of t h i s  c o n t r a c t ,  and by EOS drawing 7254-100 (F ig .  4)  
which f u r t h e r  develops t h e  d e t a i l  of t h e  spacec ra f t .  
Prel iminary a n a l y s i s  of t h e  packaging r e s t r a i n t s  shows t h a t  t he  following 
panel areas can be contained wi th in  t h e  l i m i t a t i o n s  depic ted :  
a. F l a t  nonfolded a r r a y s ,  approximately 85 s q  f t  per  s i d e  of t h e  
spacec ra f t  body, f o r  a t o t a l  of 190 sq f t  of s o l a r  a r r a y .  
This  would involve  a panel  wi th  a curved ou te r  edge on an  
approximate 110 inch  r a d i u s .  
t o t a l  panel  a r e a  wi th  a major diameter of 220 i n . ,  and a 
minor diameter of 120 i n . ,  w i t h  panel  s u r f a c e  l eng th  of 70 i n .  
b.  Conical c i r cumfe ren t i a l  f i x e d  a r r a y ,  approximately 260 s q  f t  
7254-Q- 1 1 6  
. .  - _  - .  
16 15- 14 13 
""m SIUIYUIDI 
MAXIMUM S L O P E  
P 
I i 10 9 
- .  . 
12 11 c 
EXTENDED POSITION 
7254- IC 17-2- 
1 I I 10 9 11 - .a 13 
1 6 3 -. 8 -I*- 7 
. .. I . .  
I I  
I 
1 I l l  
KEEP AREA CLEAR 
- hR€A AVAILABLE \. 
FCP 5P. IN S T U G H T  
m,T POSITION. 107-1 
TOP VIEW 
STOWED CONDITION 
FROM J C  CENTER IN - ‘ 
AERO SUEU 
SIDE VIEW 
STOWED CONDITION 
/ 7 - 3  
I I I 6 . 5  8 7 
4 1 - 3 _ r  
\ 
I 2 
L "  
4J4 I I I I I 
r D w  50 50 bo 
SCALE- INCHES 
4 4 
. .  . .  . * . . _ . _  
c .  A volume of 64 cu f t  per  s i d e  of t h e  v e h i c l e  body can r e a d i l y  
be obta ined  f o r  p o s s i b l e  s t o r a g e  of a undeployed f o l d i n g  o r  
ro l l- up  a r r ay .  
The pre l iminary  s tudy of the package r e s t r a i n t s  i n d i c a t e  t h a t  s u f f i c i e n t  
area o r  volume i s  a v a i l a b l e  w i t h i n  t h e  design l i m i t a t i o n s  as expressed 
by JPL t o  s a t i s f y  t h e  phys ica l  s i z e  of any of t h e  s i x  a r r a y  concepts 
p re sen t ly  under cons ide ra t ion .  
2.2.3 DEPLOYMENT AND ORIENTATION CONSIDERATIONS 
I n  t h i s  s e c t i o n ,  f a c t o r s  which must be  taken i n t o  deployment and o r i e n-  
t a t i o n  cons ide ra t ions  w i l l  be d iscussed .  The p e r t i n e n t  ground r u l e s  
having a s t r o n g  in f luence  i n  t h e  s e l e c t i o n  of t h e  a r r a y  concept are t h e  
fol lowing : 
1. The s u r f a c e  l abo ra to ry  i s  intended t o  land on t h e  equahor, 
bu t  t h e  des ign  must accommodate a landing e r r o r  of it20 i n  
l a t i t u d e .  
0 2. The maximum t e r r a i n  s l o p e  i s  34 . 
3 .  The s u r f a c e  labora tory  cannot provide any s lope  l e v e l i n g  
4 .  Once landed,  t h e  s u r f a c e  labora tory  cannot be r e o r i e n t e d  t o  
c a p a b i l i t y .  
have a p re fe r r ed  o r i e n t a t i o n  toward t h e  sunr i se- sunse t  l i n e  
(east-west of Mars). 
Two opposing s i d e s  of t h e  labora tory  not  used f o r  the a r r a y  
attachment are t o  be kept  clear. This  requirement i s  probably 
put f o r t h  t o  r e s e r v e  a c l e a r  view from t h e  labora tory  t o  Mars 
s u r f a c e  f o r  some s c i e n t i f i c  ins t rumenta t ion .  
5 .  
2.2.3.1 Ground Rules No. 4 and 5 
Ground r u l e  No. 4 does no t  permit t h e  v e h i c l e  t o  move t o  p o s i t i o n  t h e  
a r r a y  t o  t h e  no-shadow E-W l i n e  (assuming t h e  a r r a y  i s  not  allowed t o  
r o t a t e  around t h e  veh ic l e ) .  
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Considerat ions have been given t o  r o t a t i n g  t h e  a r r a y  w i t h  r e spec t  t o  
t h e  v e h i c l e  so  t h a t  t h e  a r r a y  w i l l  be  a l i gned  wi th  t h e  E-W l ine .  
However, t h e  a r r a y  w i l l  i n t e r f e r e  w i th  t h e  o t h e r  s c i e n t i f i c  ins t ruments  
which may be  loca t ed  i n  t h e  areas t o  be kept  c l e a r  as s p e c i f i e d  by 
ground r u l e  No.  5 .  
For t h e  a r r a y  which i s  mounted from t h e  s i d e  of t h e  s u r f a c e  l abo ra to ry ,  
i t  appears  t h a t  a 3- axis  a r t i c u l a t i o n  i s  not  p r e f e r r e d .  However, t h i s  
r e s t r i c t i o n  does no t  apply f o r  a surveyor- type panel where t h e  panel  
i s  mounted on a v e r t i c a l  boom. 
2.2.3.2 Ground Rules No. 1, 2 ,  and 3 
F igures  5 ,  6 ,  and 7 show t h e  l o g i c a l  sequence of what w i l l  b e  r equ i r ed  
t o  s a t i s f y  t h e  t h r e e  ground r u l e s  i f  t h e  spacec ra f t  landed a t  -20' 
l a t i t u d e .  This i s  t h e  worst case  where t h e  t o t a l  a r r a y  o r i e n t a t i o n  
requi red  i s  76 . The breakdown of t h e  t o t a l  i s :  0 
I n c l i n a t i o n  from e c l i p t i c  plane 22O 
2 oo 
Ter ra in  s lope  (N-S) - 34O 
Error  i n  landing  i n  southern  hemisphere 
T o t a l  7 6' 
I n  case  the  t e r r a i n  s lope  i s  i n  the  E-W d i r e c t i o n ,  a two-axis co r r ec t ion  
b i l l  be r e q u i r e d ,  i . e . ,  42 
and 34 f o r  s lope .  
0 c o r r e c t i o n  f o r  l a t i t u d e  and plane of e c l i p t i c ,  
0 
2.2.3.3 Antenna Shadowing 
The present  spacec ra f t  concept c a l l s  f o r  t h e  antenna l o c a t i o n  t o  be on 
top  of t h e  s u r f a c e  l abo ra to ry .  Since t h e  Earth and Mars are e s s e n t i a l l y  
on t h e  same e c l i p t i c  p lane ,  t h e  movement of t h e  antenna w i l l  a l s o  be  
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i n  t h i s  p lane .  However, t h e  antenna po in t ing  v e c t o r  may be a t  an  a n g l e  
of &Oo w i t h  t h e  sun vec to r  depending on  t h e  r e l a t i v e  p o s i t i o n s  of Mars 
and Earth.  
To avoid complete shadowing, each of t h e  two panels  w i l l  have t o  be 
mounted on a boom which i s  s u f f i c i e n t l y  long t o  clear t h e  shadows. 
Again,what i s  shown i n  F ig .  7 w i l l  be  t h e  worst case. 
To summarize, t h e  deployment and o r i e n t a t i o n  cons ide ra t ions  suggest  
t h a t  a minimum of two-axis o r i e n t a t i o n  w i l l  be  r equ i r ed  i n  order  t o  
meet t h e  landing l a t i t u d e  e r r o r  and s l o p e  requirements .  It i s  p r e f e r a b l e  
t o  have a 3- axis  o r i e n t a t i o n  c a p a b i l i t y .  
concept are: 
antenna shadowing completely,  ( 2 )  d a i l y  sun t r a c k i n g  a b i l i t y  so t h a t  
t h e  power p r o f i l e  i s  f l a t ,  and (3)  a b i l i t y  t o  c o r r e c t  f o r  l a t i t u d e  and 
s lope .  
and 5. An except ion t o  t h i s  w i l l  be a Surveyor- type panel .  Various 
a r r a y  concepts  w i l l  be  d iscussed  i n  more d e t a i l  i n  Subsect ion 3 . 3 .  
The advantages of t h e  3- axis  
(1) a b i l i t y  t o  a l i g n  t h e  panel  i n  E-W d i r e c t i o n  and avoid 
A 3- axis  concept w i l l ,  however, v i o l a t e  ground r u l e s  No. 4 
2.3 STRUCTURAL DESIGN CONS IDEXATIONS 
2 . 3  1 GENERAL REQUIREMENTS AND ASSUMPTIONS 
The u l t i m a t e  des ign  load  w i l l  be  1.25  times the  des ign  load. The e n t i r e  
s t r u c t u r e  s h a l l  be capable of wi ths tanding  t h e  u l t i m a t e  design loads 
without  f a i l u r e .  
The s t r u c t u r e  s h a l l  no t  y i e l d  under t h e  design loads .  
Allowable stress d a t a  s h a l l  be obta ined  from t h e  M i l  Handbook 5 ,  Metallic 
Materials and Elements f o r  F l i g h t  Vehicle  S t r u c t u r e s ,  o r  M i l  Handbook 
17 ,  P l a s t i c s  f o r  F l i g h t  Vehicles .  
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All environments which are def ined  f o r  t h e  p l ane ta ry  v e h i c l e  w i l l  be  
assumed t o  act a t  the s o l a r  a r ray- capsule  mechanical 
Dynamic loads  w i l l  be  considered omnidi rec t iona l .  
i n t e r f a c e .  
The loads a n a l y s i s  w i l l  assume t h a t  t h e  a r r a y  i s  dynamically decoupled 
from t h e  f l i g h t  v e h i c l e .  
The a r r a y  s h a l l  be deployable i n  a 1 g (Earth)  environment. 
2.3.2 APPLICABLE ENVIRONMENTS 
The fol lowing environments a r e  t h e  b a s i s  f o r  t h e  genera t ion  of t h e  
s t r u c t u r a l  des ign  and material s e l e c t i o n  cr i ter ia .  
2.3.2.1 Low Frequency Vibra t ion  
a .  A t  launcher  release, t h e  long i tud ina l  a c c e l e r a t i o n  i s  2.1  g 
(0-p) composed of t r a n s i e n t s  a t  d i s c r e t e  f requencies  between 
4 and 45 Hz. They are descr ibed  as decaying s inuso ids  of 20 
cyc le s  du ra t ion .  
b .  A t  SIC shutdown, t h e  long i tud ina l  a c c e l e r a t i o n  i s  a composite 
s i g n a l  of 1.25 g (0-p) composed of t r a n s i e n t s  a t  d i s c r e t e  
f requencies  between 6 and 70 Hz. 
decaying s inuso ids  of 20 cyc le s  du ra t ion .  Lateral environment 
dur ing  t h i s  event  i s  unknown a t  t h i s  t i m e .  
They are descr ibed  as 
2.3.2.2 Random Vibra t ion  
The random v i b r a t i o n  spectrum during launch i s  descr ibed  i n  F ig .  8. 
2.3 2 . 3  I g n i t i o n ,  S tag ing ,  and Separa t ion  Shock 
The shock response due t o  t h e s e  environments is  approximated by a n  
input  c o n s i s t i n g  of a 200-g te rmina l  peak sawtooth of 0.7 t o  1.0 m i l l i -  
second r i se  t i m e .  
24 
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2.3.2.4 Acoustic Noise 
Overall sound p re s su re  level of approximately 151  dB f o r  approximately 
30 seconds w i t h  a one- th i rd  oc t ave ,  sound p re s su re  l e v e l  of 141, 5 dB 
from 80 Hz t o  125 Hz w i t h  a r o l l o f f  of 5 dB/octave above 125 Hz and a 
r o l l o f f  of 2 dB/octave below 80 Hz. 
2.3.2.5 Sta t i c  Accelera t ions  
The maximum q u a s i - s t a t i c  a c c e l e r a t i o n  along t h e  t h r u s t  a x i s  of t h e  
v e h i c l e  i s  4.75 g.  The lateral  a c c e l e r a t i o n  i s  less  than 1 g. 
2.3.2.6 Aero Dynamically Induced Heat ing 
The maximum hea t  f l u x  from t h e  shroud t o  t h e  s o l a r  panel  dur ing  launch 
i s  40  w a t t s / f t  2 
2.3.2.7 Ascent Pressure  Environment 
The a scen t  p re s su re  environment i s  def ined  by t h e  fol lowing t a b l e :  
Ambient Pressure  versus Time  
Time  of F l i g h t  Ambient Pressure  
(set> ( P s i )  
0 14.5 
10 14 .O 
20 13.2 
30  11.8 
40 9.5 
50 6.6 
60 4.3 
70 2.5 
80 1.4 
90 0.7 
100 0.4 
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2.3.2.8 Entry Jnto Mars Atmosphere 
The aerodynamic drag  upon e n t r y  i n t o  t h e  Mars atmosphere w i l l  produce 
a q u a s i - s t a t i c  d e c e l e r a t i o n  of 22.9 g. 
2.3.2.9 Parachute Opening Shock 
The parachute opening shock i s  def ined  by Fig .  9 .  
2.3.2.10 Landinp Shock 
The expected landing shock i s  def ined  by Fig .  10. 
2.3.2.11 S t e r i l i z a t i o n  
The s t e r i l i z a t i o n  requirements  are def ined  i n  Subsect ion 2.2.1. 
2.3.2.12 Ground Handling 
The ground handling environment w i l l  b e  con t ro l l ed  and w i l l  n o t  be  a 
design c o n s t r a i n t .  
2.3.2.13 Wind on Mars Surface  
The maximum wind v e l o c i t y  on Mars w i l l  b e  380 f t / s e c  which w i l l  be  
assumed t o  act  normal t o  t h e  s u r f a c e  of t h e  s o l a r  a r r ay .  
2.3.2.14 Thermal Environment 
The expected thermal environment f o r  t h e  s o l a r  panel  s t r u c t u r e  is  
descr ibed i n  Subsect ion 2 .1  -2.  
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2 .3 .2 .15 Radiat  ion  
The s t r u c t u r a l  materials w i l l  be  subjec ted  t o  t h e  r a d i a t i o n  environment 
def ined  i n  Subsect ion 2 1.5 
2.3.2.16 Corrosive Atmosphere 
The Mars atmosphere 
2.3.3 DESIGN LOADS 
2 '  i s  100 percent  CO 
FOR PRELIMINARY STRUCTURAL ANALYSIS 
The induced and n a t u r a l  environments l i s t e d  in  Subsect ion 2.1 have been 
reviewed and reduced t o  a set of c r i t i c a l  des ign  loads t o  be used i n  
t r a d e  s t u d i e s  and i n  pre l iminary  des ign .  
t o  produce t h e  c r i t i c a l  des ign  loads are: (1) t h e  random v i b r a t i o n  
and decaying s inuso ids  which occur du r ing  launch and apply t o  t h e  stowed 
conf igu ra t ion  of t h e  a r r a y ,  and ( 2 )  t h e  wind load on t h e  Mars s u r f a c e  
The environments which appear 
which acts on t h e  deployed a r r a y .  The environmental condi t ions  w i l l  
be  reassessed  as t h e  f i n a l  designs evolve t o  determine t h a t  t h e s e  are 
t h e  c r i t i c a l  loading condi t ions .  
2.3.3.1 Design Loads f o r  t h e  Array i n  t h e  Stowed Configurat ion 
To s impl i fy  t h e  pre l iminary  design and a n a l y s i s  procedure, t h e  random 
v i b r a t i o n  and l o w  frequency t r a n s i e n t s  have been reduced t o  equiva len t  
harmonic i n p u t s .  The methods used t o  determine t h i s  equivalence are 
presented i n  Subsections 2.3.3.2 and 2 .3 .3 .3 .  The use  o f  t h e  r e s u l t s  
i s  explained i n  Subsect ion 2.3.3.4.  
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2 . 3 . 3 . 2  Harmonic Equivalent of Random Vib ra t ion  Spectrum 
. .2 The mean square response ,  q 
freedom system t o  a power spectrum w( f ) ,  i n  g /Hz, i s  given by Crandall .* 
, of a l i g h t l y  damped s i n g l e  degree of  
2 
3-t '4; = - f QW(fn) 2 n  
where f 
i s  t h e  dynamic magni f ica t ion  f a c t o r .  
i n f i n i t e l y  wide band e x c i t a t i o n  bu t  i s  a good approximation f o r  t h e  
response t o  a continuous spectrum e x c i t a t i o n  which is  nea r ly  uniform 
i n  t h e  neighbourhood of t h e  n a t u r a l  frequency. The 3 u response i s  
given by 
is  t h e  fundamental frequency of  t h e  s t r u c t u r a l  element and Q n 
This  r e s u l t  i s  exact  only w i t h  
The p r o b a b i l i t y  of a peak exceeding t h e  3 U response is 0.3 pe rcen t .  
The harmonic base  e x c i t a t i o n  4.  
i s  
i n  g ' s ,  which produces t h e  3 u response 
S Y  
This r e l a t i o n  has been eva lua ted  f o r  a frequency range from 10 Hz t o  
2000 Hz f o r  Q's of 20 and 50 and t h e  power spectrum shown i n  F ig .  8. 
These r e s u l t s  a r e  p l o t t e d  i n  F ig .  11. 
*S. H, Crandal l ,  Random Vib ra t ion ,  Technology P res s  , MIT w i t h  Wiley , 
1958, pp. 77-90.  
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2.3.3.3 Harmonic Equivalent of Low Frequency Trans i en t s  
The harmonic base  e x c i t a t i o n  which i s  equiva len t  t o  t h e  low frequency 
decaying s inuso ids  w a s  c a l c u l a t e d  as fo l lows .  
supported beam t o  a base  e x c i t a t i o n  def ined  by 
The response of a simply 
-bw t 2.1 ge n s in  w t n 
40n f o r  0 S t S- 
n W 
= 0.05 when t = - 40fi 
w and e n 
where w 
n i f i c a t i o n  f a c t o r s  of 2 0  and 50. The maximum dynamic bending moment 
produced by t h e  decaying s inuso ida l  e x c i t a t i o n  w a s  equated t o  t h e  
maximum bending moment produced by harmonic e x c i t a t i o n  and t h e  magnitude 
of t h e  equiva len t  harmonic e x c i t a t i o n  c a l c u l a t e d .  The results are 
p l o t t e d  i n  F ig .  11. 
i s  t h e  c i r c u l a r  n a t u r a l  frequency of beams having dynamic mag- n 
2.3.3.4 U s e  of t h e  Externa l  Load Curves 
The e x t e r n a l  loads def ined  i n  F ig .  11 are designed l i m i t  loads  which 
are t o  be mul t ip l i ed  by 1.25 t o  get  t h e  u l t i m a t e  design load.  
I n  t h e  des ign  a n a l y s i s  procedure,  t h e  s t r u c t u r a l  elements of t h e  s o l a r  
panel a r r a y  are t o  be dynamically decoupled by a sepa ra t ion  of their 
fundamental f requencies .  Therefore,  t h e  loads t o  be appl ied  i n  s i z i n g  
each element are a func t ion  of t h e  fundamental frequency and magnifica-  
t i o n  f a c t o r  of t h a t  element only .  
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The procedure which i s  followed i s  t o  make a prel iminary estimate f o r  
t h e  geometry of  a s t r u c t u r a l  elemenl: and c a l c u l a t e  i t s  n a t u r a l  frequency. 
Then, w i t h  t h e  frequency and magni f ica t ion  f a c t o r  f o r  t h e  element 
(assumed t o  b e  20 f o r  frame members and 50 f o r  s u b s t r a t e ) ,  t h e  equiva- 
l e n t  harmonic base  e x c i t a t i o n  may be  determined from Fig .  11. 
i n t e r n a l  loads  and d e f l e c t i o n s  f o r  t h e  s t r u c t u r a l  element can then  be  
c a l c u l a t e d  from t h e  genera l ized  load and d e f l e c t i o n  curves and r e l a t i o n s  
which have been developed by EOS f o r  t h i s  purpose. 
The 
I f  t h e  ca l cu la t ed  stresses exceed t h e  al lowable stress f o r  t h e  s t r u c t u r a l  
element,  it may be necessary  t o  d e v i a t e  from t h e  "minimum weight con- 
f i g u r a t i o n"  f o r  t h a t  element based on a nonfrequency-dependent loading  
condi t ion .  That i s ,  i f  more material i s  added t o  provide t h e  necessary  
s t r e n g t h ,  i t  must be added i n  a manner which does n o t  i nc rease  t h e  
s t i f f n e s s  ( i f  t h e  n a t u r a l  frequency of t h e  element i s  above 24 Hz) 
s i n c e  t h e  loads  inc reases  as t h e  s t i f f n e s s  i nc reases .  I n  s h o r t ,  t h e  
weight op t imiza t ion  study of t h e  s t r u c t u r e  must inc lude  t h e  f a c t  t h a t  
t h e  loads vary as t h e  conf igu ra t ion  of t h e  s t r u c t u r a l  element v a r i e s .  
2.3.3.5 Design Load f o r  Deployed Array on t h e  Martian Surface  
For prel iminary design purposes,  t h e  wind loading on t h e  s o l a r  a r r a y  
w i l l  be  t r e a t e d  as a s t a t i c  load which can be c a l c u l a t e d  from t h e  rela-  
t i o n s  f o r  s t a g n a t i o n  p re s su re  i n  t h e  flow of a compressible gas. In 
t h e  f i n a l  a n a l y s i s  t h e  dynamic loading  due t o  formation of Von Karman 
v o r t i c e s  w i l l  be  considered.  
2.3.3.6 Calcula t ion  of S tagnat ion  Pressure  
Assuming t h e  wind i s  normal 
s u r e ,  Po, i s  given by 
Po = 
t o  t h e  
P ( l  f 
panel  s u r f a c e ,  t h e  s t agna t ion  pres-  
= $, K/K-1 
2 
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where P = s t a t i c  p r e s s u r e  on Mars = 7 mb = 0.135 p s i  
K = Cp/Cv ( f o r  C02 a t  150OK) = 1.28 
M = Mach number = V/dKgRT 
g = 386 i n . / s e c  
V = maximum v e l o c i t y  of Martian wind = 4560 i n . / s e c  
-
k o 2  = 35.13 f t - l b / l b  O R  
T = a b s o l u t e  temperature (assume average temperature) = 
2250K = 405OR 
The Mach number i s  
- 
M = V/,,/KgRT 
4.560 
9.18 M = - = 0.496 
And t h e  s t a g n a t i o n  p r e s s u r e  i s  
1.28 
2 1.28-1.0 (0 .496)  3 1.28-1 2 Po = 0.135 [ l  + 
Po = 0.135 C1.0344421 4 * 5 7  = 0.135 C1.153621 
Po = 0.155 
The d i f f e r e n t i a l  p ressure  a c t i n g  on t h e  panel  is 
2 Po - P = 0.155 - 0.135 = 0.020 p s i ,  o r  2.88 l b / f t  
2.3.3.7 Conclusion 
The des ign load f o r  t h e  deployed panel  w i l l  be a s t a t i c  p ressure  of  
0.020 p s i .  
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SECTION 3 
TASK I1 CONSIDERATIONS 
3 . 1  PRELIMINARY THERMAL ANALYSIS 
3.1.1 SOLAR ARRAY THERMAL ENVIRONMENT 
The temperature t i m e  h i s t o r y  of a spacec ra f t  mounted s o l a r  panel  oper- 
a t i n g  on the  su r f ace  of Mars i s  determined by four  c r i t e r i a ,  which are  
l i s t e d  below i n  decreas ing  order  of in f luence :  
a .  So la r  I n t e n s i t y  
b. I n t e r a c t i o n  w i t h  the  su r f ace  of Mars 
c .  I n t e r a c t i o n  w i t h  the  Martian atmosphere 
d. I n t e r a c t i o n  wi th  the spacec ra f t  
The l a s t  two i t e m s  can be discussed only q u a l i t a t i v e l y  u n t i l  a p r e l i m-  
inary  panel  design i s  completed. A r e p r e s e n t a t i v e  view f a c t o r  of t he  
Martian s u r f a c e  and a rough estimate of atmospheric e f f e c t s  w e r e  used 
t o  genera te  the pre l iminary  temperature e s t ima te s  given i n  t he  next 
s ec t ion .  A d i scuss ion  of t he  inf luence  of the Martian atmosphere i s  
g ive  n be 1 ow. 
The atmosphere w a s  assumed t o  be 100 percent  GO a t  a p re s su re  of 7 
m i l l i b a r s  (0.1 p s i a ) .  This  atmosphere has many of t h e  same e f f e c t s  on 
t h e  landscape of Mars as t h e  Ear th ' s  atmosphere has on Ear th ,  w i t h  t h e  
except ion of r a i n  and water e ros ion .  It a c t s  as a temperature e q u a l i z e r ,  
absorbing h e a t  from t h e  s u r f a c e  during t h e  day and g iv ing  i t  back a t  
n igh t .  Changes i n  dens i ty  caused by changes i n  temperature set up 
l o c a l  winds which are assumed t o  average 150 f t / s e c  wi th  gus t s  of up 
t o  280 f t / s e c .  
fol lowing ways : 
2 
The atmosphere w i l l  i n t e r a c t  w i t h  t h e  spacec ra f t  i n  t h e  
36 
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a. It w i l l  remove h e a t  by convect ion dur ing  per iods  of s u n l i g h t  
and add h e a t  a t  n ight .  
b. It w i l l  c a r r y  d u s t  p a r t i c l e s  and o the r  contaminants.  
c. It w i l l  e x e r t  wind loads on the  exposed sur faces .  
d. It w i l l  absorb i n f r a r e d  r a d i a t i o n  from spacec ra f t  components. 
The h e a t  t r a n s f e r  rates  ( i t e m  a)  were i n v e s t i g a t e d  by assuming a f l a t  
p l a t e  p a r a l l e l  t o  t he  wind flow. The Reynolds number a s  a func t ion  of 
flow l eng th  along the  p l a t e  was found t o  be i n  t he  laminar range up t o  
about 4 f e e t  a t  the average wind v e l o c i t y  of 150 f t / s e c .  
laminar flow w i l l  predominate over most s o l a r  panel  and spacec ra f t  
con f igu ra t ions  f o r  a l l  bu t  the  h ighes t  wind speeds. The atmospheric 
pressure  a t  ground l e v e l  i s  too  h igh  f o r  any r a r e f i e d  gas e f f e c t s ,  
such a s  " s l i p t t  flow. 
Therefore,  
The h e a t  t r a n s f e r  r e l a t i o n s h i p  f o r  a f l a t  p l a t e  i n  laminar flow i s  given 
below. 
where 
h 
k 
d 
R e  
P r  
f o r  d 
h 
h = 0.332 k/d (Re)1/2(l?r)1/3 
2 0  
= h e a t  t r a n s f e r  c o e f f i c i e n t ,  W/in. C, 
= gas thermal conduct iv i ty ,  W/in. C, 
= flow length,  in . ,  
= 
= Prand t l  number, 
= 10 in .  a t  150 f t / s e c  wind v e l o c i t y ,  
= 0.0013 W/in.2 OC. 
0 
Reynolds number based on d, 
This i s  comparable t o  s t i l l  a i r  n a t u r a l  convect ion r a t e s  on Ea r th  and 
an  order  of magnitude below wind blown convect ion on Ear th .  
the  Martian n a t u r a l  convect ion r a t e s  a r e  an  order  of magnitude lower; 
t he re fo re ,  although wind convect ion has  an  apprec iab le  inf luence  on the  
panel r a d i a t i o n ,  hea t  t r a n s f e r  i s  s t i l l  the dominant mode. 
S imi l a r ly ,  
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The e f f e c t s  of  d u s t  accumulation cannot as y e t  be q u a n t i t a t i v e l y  
assessed.  The e f f e c t s  of wind loads are discussed below. 
The e f f e c t s  of atmospheric r a d i a t i o n  absorp t ion  from the  s p a c e c r a f t  
are es t imated i n  Fig.  1 2 .  I n  t h i s  f i g u r e ,  the  l a r g e  absorp t ion  band 
of GO2 i n  t h e  14-16p range w a s  approximated by a s i m p l i f i e d  model 
which i s  shown i n  the  i n s e r t .  Other h igher  absorp t ion  bands were 
neglected.  Absorption between 14 and 16 microns as a func t ion  of 
source temperature w a s  ca lcu la ted .  
a c c u r a t e  s i n c e  t h e r e  are probably absorp t ion  bands a t  longer wave- 
lengths  which t ake  care of some low temperature r a d i a t i o n .  
engineer ing estimate of the  absorp t ion  of t h e  atmosphere a t  s o l a r  
pane l / spacec ra f t  emission temperatures i s  10 pe rcen t  w i t h  a 90 pe rcen t  
t r ansmiss iv i ty .  This number w a s  used i n  a l l  c a l c u l a t i o n s .  
The drop below 200°K i s  not  
An adequate 
3.1.2 SOLAR PANEL TEMPERATURE 
A hea t  ba lance  was taken on t h e  s o l a r  panel  temperature extremes under 
a v a r i e t y  of Martian environmental cond i t ions .  The atmospheric e f f e c t s  
d iscussed i n  the  previous s e c t i o n  were used. A t a b l e  of s o l a r  panel  
temperature e s t i m a t e s  i s  given below, and a p l o t  of d i u r n a l  temperature 
v a r i a t i o n  f o r  one c a s e  i s  shown i n  Fig. 13. A discuss ion  of the  hea t  
balance fol lows.  
S o l a r  I n t e n s i t y  Surface  Temperature S o l a r  Panel  Temp. 
300°K ;t. 296.8'K 50 rrW/cm 
312'K J; 315.3'K 74 m/cm 
0 (Darkness a t  150°K 145.7'K 
2 
2 
aphel ion)  
0 (Darkness a t  198.4'K 
p e r i h e l i o n )  
5: These numbers are s l i g h t l y  lower than previously  re leased  estimates. 
The change i s  due t o  a c o r r e c t i o n  i n  as from 0.90 t o  0.81. 
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8 5 5 2  
3.1.2.1 Heat Balance 
In words, for the steady state: 
3 . 1 . 2 . 2  Panel Upper Surface 
Solar heating = energy converted to electricity -k radiation to the 
atmosphere + radiation to space -t- convection to the atmosphere -t- con- 
duction to the panel lower surface. 
3.1.2.3 Panel Lower Surface 
Conduction from the upper surface = radiation to the surface of Mars + 
convection to the atmosphere. 
Assuming a uniform panel temperature, panel surface area = unity, and 
combining both equations, in symbols: 
4 
1 CYSFGS (1-1)) = tgaT 
4 4  + (l-t)c(oT1 -oTa ) I- 2h (T1-Tm) 
where gs  = solar absorptivity of panel = 0.81 
F = atmospheric attenuation of sunlight = 0.92 
= solar constant at Mars 
1) = solar panel efficiency 
t = atmospheric transmissivity to Mars radiation 
c = solar panel emissivity = 0.85 (both sides) 
o = Boltzmann's constant, 36.6 x 10 watts/in K 
T1 = average panel temperature, 
G S  
- 12 2 0  
0 
K 
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T = Mars sky temperature,  230°K a 
h = h e a t  t r a n s f e r  c o e f f i c i e n t ,  watts/in2 OK 
Tm = atmospheric temperature and Mars s u r f a c e  temperature,  
K 0 
The equat ion  w a s  solved f o r  t h e  cases l i s t e d  above. In  a d d i t i o n ,  a 
t r a n s i e n t  case was solved assuming a panel  weight of 0.5 l b / f t  
average s p e c i f i c  hea t  of 0.2 Btu/ lb F .  
7 hours a f t e r  s u n r i s e  i n  F i g .  13. 
t a r y  and panel  temperatures  a f t e r  t h e  f i r s t  hour has  a cons iderable  
l e v e l i n g  e f f e c t .  In a l l  cases, t h e  atmosphere and s u r f a c e  temperatures  
were assumed t o  be equa l ,  s i n c e  t h e r e  is  no r a t i o n a l  b a s i s  f o r  a s s ign ing  
a lead  or l a g  dur ing  the  day. 
2 
and an 
0 
This is p l o t t e d  f o r  t h e  f i r s t  
The l a r g e  d i f f e r e n c e  between plane-  
3 .2  PRELIMINARY PWER ANALYSIS 
3.2.1 RADIATION ENVIRONMENT AND EFFECTS 
There are two b a s i c  types of r a d i a t i o n  the s o l a r  a r r a y  may encounter 
on the  Mart ian su r f ace ,  p ro ton  r a d i a t i o n  from s o l a r  f l a r e s ,  and u l t r a -  
v i o l e t  r a d i a t i o n .  The g a l a c t i c  cosmic r a d i a t i o n  near Mars c o n s i s t s  of 
e s s e n t i a l l y  the  proton component and i t s  secondary r a d i a t i o n  produced 
i n  t he  Martian atmosphere. 
The i n t e n s i t y  of the s o l a r  f l a r e s  f o r  t h e  p l ane ta ry  a r r a y  mission i n  
1973 i s  based on the  information provided i n  t h e  JPL Voyager Environ- 
mental P red ic t ions  Document SE003BBOl-lB28. 
of s o l a r  f l a r e  r a d i a t i o n  i s  based on the  power l a w  obtained from 
Sect ion  V of t h e  referenced JPL document. 
The energy d i s t r i b u t i o n  
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where 
2 I = t h e  s o l a r  f l a r e  i n t e n s i t y  i n  protons/cm - t i m e  = @ 
E = proton  energy, MeV 
8 K = cons t an t  = 2.47 x 10 
n = cons t an t  = 0.189 
Based on t h e  t a b l e  presented  i n  Sec t ion  I V Y  D . 4  of t h e  JPL document, 
2 I = 2.47 x 10 ' E -0*189 protons/cm -year  f o r  1973,  a t  the  Mart ian 
sur face .  The pro ton  r a d i a t i o n  degrades t h e  cover g l a s s  and the  s o l a r  
cells. The b a s i c  r a d i a t i o n  e f f e c t  on cover g l a s s  i s  a t ransmiss ion  
l o s s  from d i s c o l o r a t i o n .  
of ' F '  c en te r s .  Some d i s c o l o r a t i o n  i s  a l s o  noted i n  fused s i l i c a  
(qua r t z ) ,  b u t  i t  i s  much worse i n  microsheet (soda-lime g l a s s )  due 
t o  t h e  increased impur i t i e s  found i n  t he  g l a s s .  Radia t ion  has l i t t l e  
o r  no e f f e c t  on the phys i ca l  s t r e n g t h  of t he  f i l t e r  g lass .  
This d i s c o l o r a t i o n  i s  caused by the  formation 
The b a s i c  mechanism t h a t  causes t he  degrading of t he  c e l l s  i s  the 
formation of recombination c e n t e r s  i n  the  bulk material of t he  s o l a r  
ce l l .  A s  a r e s u l t  of t hese  new recombination cen te r s ,  t he  holes  and 
e l e c t r o n s  t h a t  are generated by the  photons recombine before  reaching  
t h e  N-P junc t ion .  This e l e c t r i c a l  energy i s  e s s e n t i a l l y  l o s t  a s  f a r  
as u s e f u l  output  i s  concerned. The o v e r a l l  e f f e c t  o f  proton r a d i a t i o n  
on s o l a r  c e l l s  is the  decreas ing  of t he  e f f e c t i v e  cu r r en t .  
The e f f e c t  of r a d i a t i o n  on s o l a r  c e l l s  i s  determined by the r a d i a t i o n  
degrada t ion  equat ion:  
7 254-Q - 1 43 
where 
Q =  
Qc = 
The above 
EOS based 
pe rcen t  of power c a p a b i l i t y  remaining a f t e r  bombardment w i t h  
i n t e g r a t e d  f lux ,  @ 
"cri t ical"  f l u x  necessary  t o  produce a 25 percen t  degradat ion 
of s o l a r  c e l l  output  power. ( I n  t h i s  case: 
protons/cm .) 
11 = 1 x 1 0  
@C 2 
equat ion w a s  deyeloped by a member of t h e  t e c h n i c a l  s t a f f  a t  
on the  t h e o r e t i c a l  and empi r i ca l  cons ide ra t ions  o f  r a d i a t i o n  
induced damage i n  s i l i c o n  s o l a r  cel ls .  The range of protons through 
t h r e e  m i l  f i l t e r s  i s  approximately 3 MeV which g ives  a proton f l u x  of 
2.0 x 1 0  p/cm - year ,  us ing  Eq. 1. This f l u x  g ives  a r a d i a t i o n  degra-  
d a t i o n  of 1.7 using Eq. 2 .  
8 2 
3.2.2 PRELIMINARY 
I n  order  t o  c a l c u l a t e  a power a n a l y s i s  f o r  the  p l a n e t a r y  s o l a r  a r r a y ,  
a number of b a s i c  assumptions must be made with  respect t o  the  c i r c u i t  
requirements of the  a r ray .  
C e l l  type  - 2 x 2 cm (1-3 k m )  
C e l l  output  a t  STD AM0 cond i t ions  - 27OC 
1) 0.012 THK - 60 IW @ 450 mV 
2 )  0.008 THK - 55 nt.4 @ 450 mV 
3 )  0.004 THK - 47 IW @ 450 mV 
C i r c u i t  v o l t a g e  - 28.0 v o l t s  
No. of  ce l l s  i n  p a r a l l e l / c i r c u i t  - 6 
The fol lawing va lues  are given as der ived and shown earlier i n  t h i s  
r e p o r t  and represen t  wors t  case condi t ions .  
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S o l a r  i r r a d i a n c e  - 50 mV/cm 
Atmospheric loss  - 8% 
Surface  i r r a d i a n c e  - 46 &/cm 
Panel  temperature - 300°K (27OC) 
Radia t ion  degrada t ion  @ one year  - 4% 
The fo l lawing  c a l c u l a t i o n  i s  given t o  de r ive  the  minimum square footage 
r equ i r ed  t o  produce 200 w a t t s  of e lectr ical  p m e r  on Mars a t  s o l a r  
no on, 
a. C u r r e n t / c e l l  (3 maximum power poin t :  
1) 0.021 - 60/450 = 133.2 mA 
2 )  0.008 - 55/450 I 122-2 mA 
3 )  0.004 - 47/450 = 104.5 
b. Correc t ion  f o r  s o l a r  i r r a d i a n c e  461140 = .33 f a c t o r  
1) 0.012 - 133.2 ( .33 )  = 43.8 mA @ 450 mV 
2 )  0.008 - 122.2 ( .33 )  = 40.2 mA @ 450 mV 
3 )  0.004 - 104.5 ( .33 )  = 34.5 mA @ 450 mV 
c. Correc t ion  f o r  f i l t e r  and f a b r i c a t i o n  l o s s e s  (5%) 
1) 0.012 - 43.8 ( .95)  = 41.6 mA 
2 )  0.008 - 40.2 ( .95 )  = 38.2 mA 
3 )  0.004 - 34.5 ( .95)  = 32.8 mA 
d. Correc t ion  f o r  one year  r a d i a t i o n  degrada t ion  ( 2 % )  
1) 0.012 - 41.6 ( .98) = 40.8 mA (18.36 ntJ/cel l )  
2 )  0.008 - 38.2 ( .98)  = 37.4 mA (16.83 ntJ/cel l )  
3 )  0.004 - 32.8 ( . 9 8 )  = 32.1 mA (14.44 ntJ/cel l )  
e. Number of c e l l s  i n  series, adding 1 v o l t  f o r  diode and w i r i n g  
l o s s  : 
28.0 + 1.0 = 29.0/.450 = 64.5 (65 cel ls)  
Operating v o l t a g e / c e l l  = 446 mV 
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f .  Current /Array:  
200w/28.oV = 7.15A 
g. Number of ce l l s  i n  p a r a l l e l / a r r a y :  
1) 0.012 - 7.15/.0408 = 176 
2 )  0.008 - 7.15/.0374 = 191 
3 )  0.004 - 7.15/.0321 = 223 
h. Number of s i x  c e l l  c i r c u i t s l a r r a y :  
1) 0.012 - 179/6 = 29.4 ( 3 0 )  
2 )  0.008 - 1 9 6 / 6  = 31.9 ( 3 2 )  
3 )  0.004 - 227/6 = 37.2 ( 3 8 )  
i. Number of t o t a l  c e l l s / a r r a y :  
1) 0.012 - 30 ( 6 )  ( 6 5 )  = 11,700 
2 )  0.008 - 32 ( 6 )  ( 6 5 )  12,480 
3 )  0.004 - 38 ( 6 )  ( 6 5 )  = 14,820 
j .  Watts output  of t o t a l  a r r ay :  
1) 0.012 - 18.36 (11,700) - 214 .8~  
2 )  0.008 - 16.83 (12,480) - 210.W 
3 )  0.004 - 14.44 (14,800) - 214.m 
k. Area of c e l l  
2 
0.793 x 0.793 = 0.63 i n .  
1. Assuming a 90 percent  packing f a c t o r  t h e  minimum area of t h e  
a r r a y  would be:  
1) 0.012 - 0.63 (1.11) (11,700) = 8,182 i n .  - 56.8 f t  
2 )  0.008 - 0.63 (1.11) (12,480) = 8,730 i n .  - 60.6 f t  
3 )  0.004 - 0.63 (1.11) (14,820) = 10,380 i n .  - 72.0 f t  
2 2 
2 2 
2 2 
2 
The fol lowing c a l c u l a t i o n  i s  given t o  d e r i v e  s p e c i f i c  w t / f t  
s o l a r  a r r a y :  
of t h e  
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a. Weight a n a l y s i s ,  less s u b s t r a t e :  
C e l l  th ickness ,  inch  0.012 
F i l t e r  weight ,  0,003 t h i c k  (g) 0.10 
Connector and b o s s / c e l l  (g) 0.10 
C e l l  weight ,  s o l d e r l e s s  (g) 0.29 
F i l t e r  adhesive (8) 0.03 
0.05 Mounting adhesive (g) 
T o t a l  ( g / c e l l )  0.57 
Tota l  g / f t  (206 c e l l s / f t  ) 
Tota l  l b s / f t  0.259 
_L__ 
117.4 
2 2 
2 
0.008 
0.20 
0.10 
0.03 
0.10 
0.05 
0.48 
98.9 
0.218 
0.004 
0.11 
0. LO 
0.03 
0.10 
0.05 
0.39 
80.3 
0.177 
b. Ea r th  AM0 power of t he  a r r ay :  
200 W/0.33 = 606W 
c. Maximum design weight of a r r ay :  
JPL s p e c i f i e d  20 W/lb 
606/20 = 30.3 l b  
d. Assuming 1 /3  of t h e  al lowable weight  f o r  deployment s t r u c t u r e ,  
and 2/3 f o r  a r r a y  s t r u c t u r e  the  al lowable l b s / f t 2  of t he  a r r a y  
inc luding  cel ls  are: 
2 
2 
2 
1) 0.012 - 20.2/56.8 = 0.358 l b s / f t  
2) 0.008 - 20.2/60.6 = 0.333 l b s / f t  
3) 0.004 - 20.2/72.0 = 0.281 l b s / f t  
2 
e. Allowable l b s / f t  f o r  s u b s t r a t e :  
L 1) 0.012 - 0.358 - 0.259 = 0.099 l b s / f t  
2)  0.008 - 0.333 - 0.218 = 0.115 l b s / f t  
3) 0.004 - 0.281 - 0.177 = 0.104 l b s / f t  
2 
2 
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f .  Spec i f i c  power/area: 
1) 0.012 - 214.8/56.8 = 3.78 W/ft2 (11.5 W/ft2, AMO) 
2) 0.008 - 210.0/60.6 = 3.46 W/ft2 (10.5 W/ft2, AMO) 
2 2 3 )  0.004 - 214.0/72.0 = 2.97 W/ft (9.0 W/ft , AMO) 
The t h i n n e r  ce l l s ,  though l i g h t e r ,  r e q u i r e  a l a r g e r  panel  area due t o  
t h e i r  lower s p e c i f i c  power output .  This  c a l c u l a t i o n  is  based on a 
f i x e d  l e g i s l a t e d  va lue  of 20 W/lb a t  Ear th  AMO. It has been shown t h a t  
t h e  t r adeo f f  of l i g h t e r  c e l l  weight v s  l a r g e r  panel  area is  e s s e n t i a l l y  
equal providing a s u b s t r a t e  weight of approximately 0.10 l b / f t  
m e t .  
c e l l s ,  i f  i t  would be advantageous f o r  s u b s t r a t e  weight allowance. 
advantage,  a l l  a s p e c t s  considered,  however, l ies  w i t h  t h e  t h i c k e r  c e l l s ,  
as they w i l l  r e q u i r e  a 21 percent  smaller panel  which is  less c o s t l y ,  
easier t o  deploy and support  i n  t h e  wind condi t ions  on Mars. 
2 can be  
A s l i g h t  advantage can be gained by us ing  t h e  0.008 t h i c k  s o l a r  
The 
3.3 DISCUSSION OF P O S S I B L E  ARRAY CONCEPTS 
I n  Subsect ion 3.2 a minimum a r ray  s i z e  w a s  o u t l i n e d  as fol lows:  
2 a.  Area - 56.8 f t  
b.  Weight - 20.2 l b  
This a r r a y  area i s  def ined  as  t h e  minimum panel  s i z e  wi th  0.012 t h i c k  
c e l l s  a t  a 90 percent  packing f a c t o r ,  a t  an  a r r a y  temperature of 300 K, 
and wi th  t h e  a r r a y  normal t o  t h e  noon sun wi th  no shadow l o s s e s .  
0 
I n  ana lyz ing  t h e  p o s s i b l e  a r r a y  concepts which may be u t i l i z e d  f o r  a 
Martian s o l a r  a r r a y ,  t h e  f i r s t  area of cons ide ra t ion  covers  t he  o r i e n t a-  
t i o n  modes. The o r i e n t a t i o n  cons ide ra t ions  are t h a t  t h e  a r r a y  must 
have t h e  inherent  c a p a b i l i t y ,  o r  be a b l e  t o  be pos i t ioned  i n  such a way 
as t o  account f o r  t h e  fol lowing environmental f a c t o r s :  
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a.  
b .  Seasonal  changes of sun a n g l e  
c .  Slope of t e r r a i n  upon which t h e  s p a c e c r a f t  has landed 
L a t i t u d e  of s p a c e c r a f t  a f t e r  l and ing  
An a d d i t i o n a l  f a c t o r  t h a t  must be considered i s  t h e  e f f e c t  upon t h e  
s o l a r  a r r a y  caused by t h e  p o s i t i o n  of t h e  s p a c e c r a f t  w i t h  respec t  t o  
t h e  p lane  of t h e  s u n ' s  e c l i p t i c .  
uncon t ro l l ed ,  and a f t e r  landing cannot be cor rec ted  t o  a p r e f e r r e d  
a t t i t u d e .  The e f f e c t  upon the  a r r a y  w i l l  be  v a r i e d  dependent upon 
t h e  o r i e n t a t i o n  c a p a b i l i t y  of t h e  design.  
The p o s i t i o n  of t h e  s p a c e c r a f t  i s  
The v a r i o u s  o r i e n t a t i o n  modes considered i n  the  conceptual  a n a l y s i s  
are depic ted  i n  EOS Dwg. 7254-101 (Fig. 14).  These are: 
a. Fixed a r r a y  
b. Single- axis  o r i e n t a t i o n  
c .  Two-axis o r i e n t a t i o n  
d. Three-axis o r i e n t a t i o n  
It i s  a l s o  important t o  note  t h a t  the  o r i e n t a t i o n  a n a l y s i s  presented 
does no t  i n d i c a t e  a p re fe rence  f o r  a s t r u c t u r a l  des ign of t h e  s o l a r  
a r r a y .  The a c t u a l  a r r a y  s u b s t r a t e ,  r o l l u p ,  semir ig id ,  o r  r i g i d ,  w i l l  
have e s s e n t i a l l y  the  same l i m i t i n g  f a c t o r s  w i t h  r e s p e c t  t o  a suntime 
envelope. 
The pre l iminary  o r i e n t a t i o n  a n a l y s i s  as shown i n  Fig,  14 i s  a c t u a l l y  
a t r adeof f  s tudy of t h e  a n t i c i p a t e d  a r e a  and weight  r equ i red  t o  provide 
a p ro jec ted  a r e a  of 56.8 sq f t  of s o l a r  a r r a y  f o r  t h e  d i f f e r e n t  
o r i e n t a t i o n  modes shown. I n  a d d i t i o n ,  an es t imated 12 h r  power p r o f i l e  
i s  shown cons ide r ing  t h a t  t h e  a r r a y  has been o r i e n t e d  t o  i t s  b e s t  case  
cond i t ion  f o r  wors t  case  environmental condi t ions .  
C e r t a i n  of t h e  o r i e n t a t i o n  modes, p r imar i ly  5 and 6,  could be r e a d i l y  
adapted t o  continuous sun t r ack ing ,  t o  provide a nea r ly  uniform power 
p r o f i l e .  
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FIXED ARRI4Y 
CONFIGUEATION I 
POWER PROFILE (DAILY) 
ADVAN TAG€&: 
L NEARLY UNIFORM POWER PROFILE. 
2 NOT DEPENDENT UPON VEHICLE ATTITUDE. 
3 ELIMINATES SHADOW PROBLEM. 
4n HlNlMUM STRUCTURAL BFUCING. 
5. NO DEPLOYMENT M E C H M I S M S .  
6. NO ORIENTATION MECHANISMS. 
7. HIGH SELIABILITY DUE TO 5IMPL3CITY. 
8. MEETS &LL REQVILLMENS EXCEPT TOTAL WEIGHT: 
9. NO APPAKENT WINO LOADING PROELEM. 
 DISADVANTAGE^ 
L OVER DESIGN GOAL WEIGHT !3Y APPROh 2% FCICTOSC. 
2 REWIRES 3% N U M B E R  OF S O U L  C E U S  BASED 
1. COMPLEX PANEL SHAPE. 
ON MlNlNUM SOLAR &R-V. 
'254-4-1 
. .  . . . . . . . . . . .  . . .  . .  - .  
MODIF -
C* 
AREA : I71 M F T  
WEIGHT: CC L M  
&DVANTAGhs : 
L NEPSLI UNIFOZM POWE= 
2. NOT DEPENDENT UPON VEI 
3 ELIMINATES 5HkDOW PRO 
4. NO ORIENTATION MECHANI! 
5. HIGH RELIABILITY DUE TO 
6. MEETS ALL K E 5 U I R E M E N  
'L M APPAPENT WINO WhDlN 
PIS AWWTAGES 
1 OYER OE5IGN WN. W E S W  
L REWlEES 32. NUMBER C 
OH MINIMUM S O U R  PIILPl 
3. REQUIRES SINGLE ACTIC 
+. REQUILES COMPLEX STKI 
5. MODERATELY COMPLEX 
. .  . -  . .  
> F I X E 0  ARSUY 
UPPITION Z 
t 
I * 
I *m 
OWER PROFILE CDAILYI 
SFILS. 
LE AmTuOC. 
.€M. 
BY LX FACTOR. 
SOCAP CELLS BASED 
DEPLOYMENT MECHLNlSM. 
TVnK 6ChCING. 
rNEL CONFISVUTIOU. . 
. .  
. .  
. .  
AU 
SINGLE AXIS O U I N ~ ~ T L O N  
CONFIGUUATION 3 
I 
c n  . 
, 
. . 
, 
. '. 
U HIS 
WUER PROFlLE CMIW 
: 114SOfFI 
WEIGHT: M Lss 
WAUTAGES 
L UEQUIIZES ONLY SINGLE k%\S QPIENTC(TI0N M(ECnAU1SM. 
2 SIMQL% PANEL CONFIGUPATIOU WITH THE EXCEPTION OF SIZE. 
pSAOUP.NTAG€S: 
L %OR POWER PROFILE. 
2 EFFICIENCY IS DIRECTLY DEPENOENT UPON VEHICLE hTTITUOE. 
3. HAS SHhOOW PPOBLEM. 
4. MRY REQUITCE DEPLOYMENT MECHANISM. 
5. R€m~ieEs ZX NUMBER OF SOLAR CELL5 BASE0 ON MINIMUM 
6. LARGE PkN€L WOULD REQUIFCE HELVIEP STPUCTUML BEhCING 
7. OVER DESIGN GOhL WEIGHT B Y  APPPOX 1.0% FACTOFC. 
S O U =  AFSAY. 
a MPZIMUM WIND LOADING PROOBLEM DUE TO PWEL size. 
. .  
,' 
, 
,' 
/ 
.,' 
P 1 
POWER PROFILE @AIL* 
AREA.'. SS Sa FT 
.EIGHT: 4-t LEI 
FDVINTRGtS : 
L I M P R O V 3  k W € K  PPOEILE 6kS';3 ON SINGLE AWS OUENTkT 
2. SIMPLE P I h E L  CONFIGUPATION, EXCEPT FOE SIZE. 
I 
POWER PROFILE (MIL* 
AREA: s r s a ~ ~  . 
WEIGHT: 40 LBS 
M%hN0'h6*5 :
I. REQUIRES ONE SOLA= PANEL OF MINIMUM ME&. 
2. SIMPLE PANEL CONFIGUeknON. 
& NOT OEPENOENT UPON VEWlCLE ATTlTUcIE- 
I  HA^ NO SHADOW frCOBLEN. 
5. H h 5  MINIMUM WINO LOhOING PROBLEH 
. .  . 
3-0 -3 
MODIFIED 2 A X I S  ERECTED F M C L  
CONFIGUPITION G 
. -  .. . 
WWER PROFILE m m .  
. . . _ .  . . > . .  MEA: 57 sa FT 
WEIGHT: 31 LE5 
AD;bNi&GCS 
L REQUIKES ONE 5oLh,P PPNEC OF MINIMUM AIZEA. 
I SIMPLE PAN€L CONFIGU(CIT1ON. 
3 HA5 NO SHADOW EFFECT. 
a NOT DEPENDENT UPON VEHICLE A'ITITVOE. 
E MEET5 ALL IPL RECIVILEMENTS, INCLUDlNG rNEIGUT 
C. CEQUIPES 2 AX15 OElENTATION TO EFFECT 3 AXE 
UPAnILlTY. 
PISLOVhNTffiE+ 
1. REQUlKE5 COMPiIChTEO OEPWYMENT < EDECTLNG MFLHhNISM. 
3. P05516LE WIND COhDING PKOBLEM. 
4% P05516LE FSUAQILITY PKOBWM DUE TO COMPUCLITEb 
5. H 1 5  COSINE POWER CURVE PUFILLE. 
2. PEQU~==S INTEGKATION w i i n  ANTENNR s u s m  OF 5-e CP..FI: 
DEPLOYM=NT € ECLECTING M E C H A N I S M .  
. .  . : ' 
hrlRAY CONCEPTS 
(STOWED POSITION) 
.._.- ~ . _...... - _. ,. . . __.I 3 . .  ~. _, . -- ._-. .______ .. ~ - I .  . 2.i . - - - ' , . 2 - - .  . . . ..I..: Figure 14. . I 
. .. 
I 4 .. .
I .. . . .  
3 . 4  ASPECTS OF MARTIAN EJWIRONMENTAL EFFECTS ON MATERIAL SELECTION 
This s e c t i o n  d i s c u s s e s  c e r t a i n  a s p e c t s  of t h e  Mars environment which 
may in f luence  t h e  choice  of material o r  t h e  method of i n t e g r a t i o n  of 
t h e  s o l a r  a r ray .  The t h r e e  areas of primary concern are: (1) t h e  
e f f e c t  of carbon d iox ide  atmosphere which could poss ib ly  cause material  
co r ros ion ,  (2) t h e  e f f e c t  of d u s t  p a r t i c l e s  on t h e  e l e c t r i c a l  pe r fo r-  
mance of t h e  a r r a y ,  and (3) the e f f e c t  of s u r f a c e  p i t t i n g  on thermal 
c o n t r o l  s u r f a c e  conceivably brought about by d u s t  s torms caused by 
p e r i o d i c  occurrence of h igh speed wind. 
I t  should be emphasized t h a t  t h e  order  of magnitude of these  e f f e c t s  
presented will be q u i t e  s p e c u l a t i v e ,  s i n c e  a v a i l a b l e  d a t a  of Mars 
environment con ta in  a l a r g e  degree of uncer ta in ty .  The ind ica ted  
magnitude, however, can be used as a guide i n  sc reen ing  out  materials 
o r  t o  provide r a t i o n a l e  f o r  the  a r r a y  design.  
3.4.1 EFFECT OF C 0 2  ATMOSPHERE 
The atmospheric model s e l e c t e d  a s  the  most probable  suggests  t h a t  t h e  
Martian atmosphere c o n s i s t s  of approximately 100 percent  carbon dioxide.  
The l i k e l y  mode of CO 
w i l l  probably be i n  t h e  form of weak carbonic a c i d  formed by t h e  
combination of CO gas and water vapor. 
i s  t o  determine the carbon dioxide  concen t ra t ion  a t  Mars su r face  i n  
comparison t o  t h a t  which exis ts  on Ear th .  
a t t a c k  on m a t e r i a l  a t  the  temperature of 3OO0K 2 
The f i r s t  o rde r  of a n a l y s i s  2 
The Ear th  atmospheric composition a p p l i c a b l e  from 0 t o  90 km a l t i t u d e  
i s  the  following: 
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N2 
O 2  
75.5 
23.1 
A 1.33 
0.045 
Others i n  trace amounts 0.005 
c02 
3 The number of CO gas molecules i n  1 cm of a i r  can be c a l c u l a t e d  
from 
2 
- No F P a t m  
N e a r t h  M 
3 
= CO gas molecules/cm 
= Avogadro number = 6.02 x 10 
Near t h  2 
NO 
where 
23 
F = percent  abundance 
Pa t m  
- 4  3 
= atmospheric d e n s i t y  = 11.66 x 10 gm/cm 
= molecular weight  of CO = 44 2 M 
11.66 x 
44 
= 6.02 x x 0.045 x x Near t h  
15 -3 
= 9.54 x 10 cm 
For t h e  case of Mars, the  abundance i s  100 percent  and t h e  d e n s i t y  is  
1.85 x gm/cm . This y i e l d s  3 
“Mars = 26.4 
NEarth 
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2 The r e s u l t  of t h e  above s i m p l i f i e d  a n a l y s i s  i n d i c a t e s  t h a t  t h e  CO 
concen t ra t ion  a t  Mars i s  approximately 25 t i m e s  tha t  on Ear th ,  Huwever, 
t h i s  r e s u l t  should be tempered by the  f a c t  t h a t  t h e  water vapor con ten t  
a t  Mars i s  one o r  two o rde rs  of magnitude of t h a t  on Earth.  The n e t  
r e s u l t  w i l l  be  t h a t  t h e  degree of a t t a c k  on material w i l l  be n e g l i g i b l e  
such as i s  experienced on Ear th .  
I t  i s  p e r t i n e n t  t o  no te  t h a t  several nuclear  r e a c t o r  i n s t a l l a t i o n s  i n  
B r i t a i n  (such as the Calder H a l l  r e a c t o r s )  use  carbon dioxide  as t h e  
coo lan t  a t  h igh  temperatures.  These r e a c t o r s  have been i n  opera t ion  
f o r  s e v e r a l  yea r s  and are  s t i l l  opera t ing  wi th  no apparent  problem i n  
regard  t o  CO a t t a c k  on mater ia l  such as s t a i n l e s s  steel.  2 
3.4.2 EFFECT OF DUST PARTICLES ON ELECTRICAL PPERFORWNCE OF ARRAY 
Dust p a r t i c l e s  which have a range of 1 t o  lOOoll ,  can be made a i rborne  
when speed exceeds 300 f t / s e c .  
occurrence but  could conceivably e x i s t  on a t r a n s i e n t  bas i s .  Once 
a i rborne ,  t h e  s e t t l i n g  d u s t  may a f f e c t  the  e l e c t r i c a l  performance i n  
two ways. One i s  t o  degrade t h e  o p t i c a l  p r o p e r t i e s  of the  s o l a r  c e l l  
cover g l a s s ,  and second e f f e c t  w i l l  be t o  c r e a t e  a s h o r t  c i r c u i t  con- 
d i t i o n  between two s o l a r  c e l l s .  
Such a wind speed i s  no t  a normal 
Reduction of s o l a r  a r r a y  output  by dus t  shadowing ( o p t i c a l  p r o p e r t i e s  
degradat ion)  i s  no t  c a t a s t r o p h i c  and the  problem can be solved by 
mechanical means. 
blowing gas je ts  a r e  p o s s i b i l i t i e s .  I n  f a c t ,  i f  t h e  t r adeof f  s tudy 
Movement of t h e  s o l a r  panel ,  p rov i s ion  of wipers  o r  
proves i t  t o  be advantageous, d a i l y  s o l a r  t r ack ing  w i l l  provide an 
automatic means of d u s t  d i sposa l .  
The e lec t r ica l  shor t ing ,  however, can be ca tas t roph ic .  Whether o r  no t  
t h i s  is  a s e r i o u s  problem depends on the  e l e c t r i c a l  p r o p e r t i e s  of the  
d u s t  p a r t i c l e s .  A p o l a r i z a t i o n  s tudy of l i g h t  from t h e  b r i g h t  or  
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so- ca l l ed  " deser t"  reg ions  of  Mars suggests  t h e  s u r f a c e  t o  be  that of 
l imoni te  (hydrous f e r r i c  oxide). Kuiper, on t h e  o t h e r  hand, concluded 
from h i s  i n f r a r e d  s t u d i e s  t h a t  t h e  b r i g h t  areas c o n s i s t  of igneous 
rock, s i m i l a r  t o  f e l s i t e .  Other i n v e s t i g a t o r s  have found s i m i l a r i t y  
between t h e  p o l a r i z a t i o n  curves  f o r  Mars and those  f o r  vo lcan ic  a s h  
and red  sandstone. 
example l imoni te  o r  hemat i te ,  which would mask t he  s i l i ca te  emission 
spec t ra .  The p o s s i b l e  e x i s t e n c e  of l imoni te  as dus t  p a r t i c l e s  can be 
q u i t e  a problem, s i n c e  i t  i s  a r e l a t i v e l y  good conductor. 
r e s i s t i v i t y  of  i r o n  oxide i n  comparison w i t h  o t h e r  lcnown i n s u l a t o r s  is  
as shown below. 
Grains are a p t  t o  be  coated w i t h  an  oxide, f o r  
The electrical 
E l e c t .  R e s i s t i v i t y  (ohm-em) 
M a  t er i a  1 a t  300°K 
99.24 Fe203 and 0.76 Ti02 2 
99.85 Fe203 and 0.15 Ti02 
Be0 
*'2'3 
H-film (Kapton) 
60 
The above d i scuss ion  suggests  s t r o n g l y  t h a t  a l l  exposed e lec t r ica l  
su r faces  should be avoided. This  f a c t o r  should be  considered i n  the  
s p e c i f i c a t i o n  of s o l a r  panel  f a b r i c a t i o n .  One p o s s i b l e  s o l u t i o n  i s ,  
as a f i n a l  s t e p ,  t o  spray a d i e l e c t r i c  coa t ing  on the  panel t o  prevent  
t h e  s h o r t  c i r c u i t .  However, the  o p t i c a l  p r o p e r t i e s  of the  cover g l a s s  
may be compromised. 
which could be  used i n  p l a c e  of the  cover g lass .  It i s  u n l i k e l y  t h a t  
such a c o a t i n g  will be s t a t e - o f - t h e - a r t  by 1969, but  i s  a p o s s i b i l i t y  
f o r  a la ter  mission.  
LMSC r e c e n t l y  r epor ted  a research- type coa t ing  
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3.4.3 EFFECT OF DUST STORM ON SURFACE 
According t o  the  probable atmospheric model (VM-2), t h e  normal con- 
t inuous wind speed on Martian s u r f a c e  (from 0 t o  10 meters he igh t )  i s  
150 f t j s e c .  
This la t ter  speed may be as high as 450 f t / s e c  i f  t h e  VM-8 model i s  
considered . 
The corresponding s u r f a c e  maximum speed i s  380 f t / s e c .  
.L 
A r ecen t  experiment by H e r t z l e r ,  e t  a l " ,  ind ica ted  t h a t  under normal 
wind speed cond i t ions ,  s u r f a c e  abras ion  w i l l  no t  occur. Iiowever, 
under gus t  cond i t ions  where wind speed i s  approximately 400 f t / s e c ,  
some s u r f a c e  d e t e r i o r a t i o n  can be expected. 
c o n s i s t s  of t h r e e  p a r t s .  The f i r s t  set  of experiments was p r imar i ly  
concerned w i t h  the  d e t e r i o r a t i o n  of wind threshold  v e l o c i t y  ( t h e  speed 
a t  which d u s t  p a r t i c l e s  become a i r b o r n e ) .  
a func t ion  of  the  s u r f a c e  p ressure  and p a r t i c l e  s i z e  i s  shown i n  
Fig. 15. 
The experiment performed 
The threshold  v e l o c i t y  a s  
The second set of experiments w a s  concerned w i t h  t h e  determinat ion of 
the  p a r t i c l e  concen t ra t ion  a t  va r ious  speeds,  ranging from 344 t o  435 
f t / s e c ,  The p a r t i c l e  s i z e  ranged from 10 t o  4 2 0 ~ .  R e s u l t s  ind ica ted  
. t h a t  the  p a r t i c l e  concen t ra t ion  va r i ed  from t o  o z / f t 3  of flow. 
The t h i r d  s e t  was the  abras ion  experiment, where su r face  d e t e r i o r a t i o n  
of va r ious  coa t ings  w a s  determined a t  s e v e r a l  combinations of pa r t i c l e  
concentra t ions ,  wind speeds,  and su r face  pressure .  Resu l t s  of t h i s  
experiment where t h e  specimen su r face  was normal t o  the  wind v e l o c i t y  
.b 
"Martian Sand and Dust Storm Experimentation" by Richard G. H e r t z l e r .  
E m i l e  J. J. Wang, and O l l i e  J .  Wilbers ,  J. Spacecra f t ,  Vol.  4 ,  No. 2 ,  
p. 284-286. 
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are shown i n  Table V I I I .  
s u r f a c e  v a r i e d  from l o c a l  p i t t i n g  a t  300 f t / s e c  
a t  520 f t / s e c .  
ab ras ion  t o  complete c o a t i n g  removal. 
It can be seen t h a t  t h e  damage t o  t h e  glass 
t o  f r o s t e d  cond i t ions  
The damage t o  thermal c o n t r o l  c o a t i n g  va r i ed  from l o c a l  
Based on t h e s e  r e s u l t s  t h e  fo l lowing conclus ions  can be drawn: 
a. Although t h i s  experiment w a s  pre l iminary ,  r e s u l t s  ind ica ted  
t h e  problem could be se r ious .  
b. More experimentat ion should be performed t o  confirm repro-  
d u c i b i l i t y ,  perhaps by another  independent source. 
c. The experiment should t ake  i n t o  c o n s i d e r a t i o n  that  t h e  
Martian g r a v i t a t i o n a l  f i e l d  i s  0.38 t h a t  of E a r t h ' s .  This 
could r e s u l t  i n  a h igher  d u s t  p a r t i c l e  concen t ra t ion  than 
what was repor ted  f o r  t h e  same wind speed and pressure .  
s imula ted  cond i t ion  of Mars probable model, e s p e c i a l l y  i n  
t h e  regime of 380 t o  450 f t / s e c  
pressure .  
r e s p e c t  t o  wind d i r e c t i o n .  Perhaps t h e  s i m p l e s t  s o l u t i o n  w i l l  
be t o  employ sensors  which c o n t r o l  t h e  panel  o r i e n t a t i o n  i n  
such a way as t o  minimize the  damage. I n  f a c t ,  t h e  wind load 
on panels  dur ing storm cond i t ions  may be simultaneously reduced 
i n  th i s  manner. 
d. The experiment should be d i r e c t e d  towards a more c l o s e l y  
wind and 5 t o  7 mb s u r f a c e  
e. The s u r f a c e  specimen should be t e s t e d  a t  va r ious  angles  w i t h  
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SECTION 4 
CONCLUSIONS 
I n  summary, t h i s  r e p o r t  concludes the  Task I e f f o r t ,  and e s t a b l i s h e s  
a base l ine  of the  environmental condi t ions  t h a t  w i l l  be used i n  the  
design.  
A pre l iminary  review of t h e  conceptual  d e f i n i t i o n s  under Task I1 has 
been presented  i n  t h i s  r epo r t ,  and w i l l  be  concluded i n  the  November 
15 monthly r e p o r t .  The o u t l i n e  of t h i s  e f f o r t  w i l l  be a s  follows: 
a. Geometric s tudy t o  o b t a i n  the  minimum necessary pro jec ted  
a r r a y  a rea ,  
Analysis of t he  a r r a y  power p r o f i l e  by o r i e n t a t i o n  types,  b. 
a s  a func t ion  of l a t i t u d e ,  hour, topography, and spacec ra f t  
a t t i t u d e .  
c. I n t e r a c t i o n  between the a r r a y  concepts and the spacec ra f t  
and/or  antenna. 
A s tudy  of e x i s t i n g  developmental s o l a r  a r r a y  panel sub- 
s t r a t e s ,  and t h e i r  a d a p t a b i l i t y  i n t o  the  base l ine  d e f i n i t i o n s ,  
f o r  the  Mart ian s o l a r  a r ray .  
A s e l e c t i o n  and comparison of a t  l e a s t  t h r e e  a r r a y  configura-  
t i o n s  f o r  d e t a i l e d  s tudy under Task 111 of t h i s  con t r ac t .  
d.  
e .  
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